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Background:  Gamma  nail  was  developed  for the  treatment  of subtrochanteric  hip  fractures.  Despite  its
advantages  over  extramedullary  devices,  gamma  nail  has  been  historically  related  to  signiﬁcant  compli-
cations (implant  breakage,  femoral  fractures  at the  tip of the  nail).  There  is limited  data  to  determine  if
the  rate  of  these  complications  was  minimized  by  using  a new  design  of  the  gamma  nail.  Therefore  we
performed  a case  control  study  between  the long  gamma3  nail  (LG3N)  and  the  long  trochanteric  gamma
nail  (LTGN)  to assess  if: (1)  the complication  rate in  the  treatment  of  subtrochanteric  fractures  using the
LG3N  was  lower  than the  one  using  the LTGN;  (2)  the  reoperation  rate  was  lower  after  using  the LG3N.
Hypothesis:  The  complication  rate after  ﬁxation  of subtrochanteric  fracture  of the femur  is lower  with
LG3N  than  with  the  LTGN.
Patients  and  methods:  This  study  prospectively  recorded  the  intra-  and  postoperative  complications  of
75 patients  with  subtrochanteric  fractures  treated  with  the  LG3N  and  compared  them  with  those  of  a
historical  cohort  of  83 patients  treated  with  the  LTGN.  The  two  groups  were  matched  regarding  age,
gender  and  fracture  type.  Patients  with  open,  pathological,  or impending  fractures  were  excluded.
Results:  Intraoperative  complications  in the LG3N  group  were  lower  (4 cases,  5.3%)  compared  with  those
in  the LTGN  group  (9  cases,  10.8%;  P = 0.04).  The  major  intraoperative  complication  encountered  with  the
use  of LTGN  was  fracture  of the  femur  in  3  cases.  We  encountered  in  total  9 postoperative  complications
in  LG3N  (12%)  and  20 in  group  LTGN  (24%).  The  most  frequent  complication  in both  groups  was  the  cut
out  of  the  lag  screw  (3 cases  in  LG3N  and  7 cases  in  LTGN  group).  The  overall  reoperation  rate  was  higher
in  LTGN  group  (20.4%  vs  10.6%;  P  =  0.03).
Conclusion:  As  a result  of  the  improvement  of  its  mechanical  characteristics,  LG3N has  proved  a  safe
and efﬁcient  implant  for  the  treatment  of  subtochanteric  fractures.  The  new design  seems  superior  to
previous  generation,  giving  promising  outcomes,  reduced  mechanical  complication  rates,  and  reduced
reoperation  rate.
Level of evidence:  Level  III – case  controlled  study.
© 2015  Elsevier  Masson  SAS.  All  rights  reserved.. Introduction
The long gamma nail (LGN) was introduced in 1992 (HOWMED-
CA – OSTEONICS, Rutherford, USA) and was  used for sub-
rochanteric and combined trochanteric-diaphyseal fractures of the
emur with good results [1,2]. The second generation, the long
rochanteric gamma  nail (LTGN), was introduced in 1997 with mod-
ﬁcations of standard proximal diameter of 17 mm,  distal diameter
f 11 mm and reduced medio-lateral curvature from 10◦ to 4◦
∗ Correspondence author. Tel.: +30 2310 381000; fax: +30 2313 059007.
E-mail address: EVI DIM45@hotmail.com (D. Georgiannos).
http://dx.doi.org/10.1016/j.otsr.2015.06.018
877-0568/© 2015 Elsevier Masson SAS. All rights reserved.[3]. These signiﬁcantly decreased the rates of complications [4–6].
The latest modiﬁcation, the LG3N (Stryker Trauma GmbH, Schon-
kichen, Germany), was introduced in 2003. In comparison with its
predecessor, it is narrower proximally (15.5 mm), has a reduced
antecurvature radius of R2.0 m of the femoral shaft and the same
medio-lateral curvature, but with its apex positioned more distally.
The lag screw shape has also been improved in the area of the thread
and the cutting ﬂutes at the tip of the screw.
The use of intramedullary devices has been the gold standard of
treatment of subtrochanteric fractures in the recent years due to its
advantages over extramedullary devices [7]. Despite its advantages,
intramedullary nails have been related to signiﬁcant complications,
such as implant breakage and femoral fractures at the tip of the nail,
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hich eventually require revision surgery [8–11]. However, there
s limited evidence speciﬁcally evaluating the outcomes following
he use of LG3N in the treatment of subtrochanteric fractures.
The present case controlled study was prospectively designed to
ompare the complication and reoperation rates in the treatment of
ubtrochanteric fractures using the LG3N with those of a historical
ohort treated with the LTGN. The goal of the study was  to answer
he following questions:
is the complication rate in the treatment of subtrochanteric frac-
tures using the LG3N lower than the one using the LTGN?
Is the reoperation rate lower after using the LG3N?
Our working hypothesis was that the LG3N resulted in a lower
ncidence of intra- and post-operative complications compared to
TGN.
. Patients and methods.1. Patients
Between 2007 and 2010, 75 patients with subtrochanteric frac-
ures, were treated surgically with LG3N (group LG3N) (Fig. 1). The
ig. 2. Right femoral subtrochanteric fracture Seinsheimer type III (A) treated with a L
adiograph revealed a good outcome with fracture union (C).sheimer type III (A) treated with a LG3N (B).
study was a prospective non-randomized study comparing with
a historical control group (group LTGN), consisted of 83 patients
treated with LTGN (Fig. 2) through the period 2000–2005.
Closed femoral fractures of the subtrochanteric region were
included in the study and classiﬁed according to Seinsheimer
classiﬁcation [12] (Table 1). Exclusion criteria were open and patho-
logical fractures, prophylactic nailing, and fractures treated at the
ﬁrst year after the introduction of both implants in the Department
(excluding the learning curve period for the surgeons).
2.2. Methods
All operations were performed by 4 orthopaedic specialists with
global knowledge of the principles of intramedullary nailing and
experience in the use of gamma  nails. The method of treatment was
similar to both groups. Patients were positioned supine on traction
table and closed reduction of fracture obtained under ﬂuoroscopic
control. All LTGN and LG3N used were made of titanium alloy. The
entry point was the same for both types of nail. It was  ﬁrst identi-
ﬁed by palpation with the surgeon’s index ﬁnger at the tip of greater
trochanter, at the junction of the anterior third and posterior two
thirds through a small skin incision, following by ﬂuoroscopic con-
trol of the position of the owl. Intramedullary canals were reamed
TGN. Reduction and lag screw position considered as proper (B). 3 m postop AP
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Table  1
Fracture pattern according to Seinsheimer classiﬁcation [12].
Type Characteristics Group LG3N (n = 75) Group LTGN (n = 83) Statistical signiﬁcance
I Undisplaced fractures with less than 2 mm displacement of the
fractured fragments
– – NS
II  Two-part transverse or spiral fractures with the lesser
trochanter attached to the proximal or the distal fragment
17 (22.66%) 20 (24.09%) NS
III  Three-part spiral fractures in which the lesser trochanter is
part of the third fragment or butterﬂy fragment
31 (41.33%) 35 (42.16%) NS
IV  Comminuted fractures with four or more fragments 10 (13.33%) 9 (10.84%) NS
V  Subtrochanteric-intertrochanteric fractures, including any
subtrochanteric fracture with extension through the greater
trochanter
17 (22.66%) 19 (22.89%) NS
LG3N: long gamma3 nail; LTGN: long trochanteric gamma nail; NS: not signiﬁcant.
Table 2
Demographic data.
Variables Group LG3N (n = 75) Group LTGN (n = 83) Statistical signiﬁcance
Age 59 (29–74) 62 (48–76) NS
Gender  ratio F:M 2.5:1 2.8:1 NS
Mechanism of injury
Fall from ground level 73% 75% NS
Road  trafﬁc accident 18% 17% NS
Fall  from height 9% 8% NS
Mortality rate (1 year) 18.4% (n = 12) 21.9% (n = 16) NS
LG3N: long gamma3 nail; LTGN: long trochanteric gamma nail, NS: not signiﬁcant.
Table 3
Intraoperative variables.
Group LG3N Group LTGN Statistical signiﬁcance
Waiting time, hours (mean) 12–58 (24) 10–52 (22) NS
Surgical time, minutes (mean) 19–60 (43) 20–85 (48) NS
L  S: sig
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in the LG3N group.
We encountered in total 9 postoperative complications in Group
LG3N (12%) and 20 in Group LTGN (24%) (Table 6). There was sig-
niﬁcant difference between the 2 groups (P = 0.04). The differences
Table 4
Radiological assessment.
Variables Group LG3N Group LTGN Statistical signiﬁcance
Radiological reduction
Anatomic 18 (24%) 19 (22.9%) NS
Acceptable 34 (45.3%) 39 (47%) NSFluoroscopy time, seconds (mean) 25–65 (34) 
G3N: long gamma3 nail; LTGN: long trochanteric gamma nail; NS: not signiﬁcant;
p to 13 mm distally for both nails and proximally up to 15.5 mm
nd 17 mm for G3N and TGN respectively. Insertion of the nail was
one by hand without any force and without the use of a mallet.
ag screw was inserted at a 130◦ angle, optimally in a position infe-
iorly to the neck in the AP plane and centrally in the lateral plane.
istal locking was achieved with free-hand technique. All patients
ere mobilized with full weight bearing on the ﬁrst postoperative
ay.
.3. Methods of assessment
The primary outcomes collected in the present study were intra-
nd post-operative complications. Patients’ demographics, mech-
nism of injury, fracture type, waiting time to surgery, operation
ime, ﬂuoroscopy time, duration of hospital stay and mortality rate
ere also recorded as secondary variables. Patients were followed
p at 6 weeks, 3 months and 1 year with clinical and radiological
ssessment. X-rays assessed for fracture reduction and the tip-apex
istance (TAD) calculated (maximum follow-up at 3 years).
.4. Statistical analysis
Statistical analysis using the unpaired student’s t-test and the
isher’s exact test were applied to evaluate signiﬁcant differences
etween the two groups (SPSS, version 11.5, SPSS Inc. Chicago, Illi-
ois, USA). Statistical signiﬁcance was deﬁned at the 5% (P < 0.05)
evel. A sample size calculation was done using alpha at 5% and beta
ower at 80% with a baseline proportion at 20%, the study required
2 cases in each arm to detect a 20% difference in complication rate.27–87 (45) S (P < 0.001)
niﬁcant.
3. Results
The demographic data of the patients, the intra-operative vari-
ables and the radiological assessment are shown in Tables 2–4
respectively.
Four complications in group LG3N (5.3%) and 9 in group LTGN
(10.8%) were reported intraoperatively (Table 5). The difference
between the total number of intraoperative complications in the
2 groups was  statistically signiﬁcant (P = 0.04). The major compli-
cations encountered with the use of LTGN, were 3 intraoperative
fractures of femur. In 2 cases, the fracture was an undisplaced crack
of the lateral cortex of the femoral shaft just distally to the tip of
nail. These were treated conservatively with non-weight bearing
mobilization until callus formation was  seen on X-rays. One case of
greater trochanter fracture was  treated with partial weight bearing
mobilization for 6 weeks. No femoral fractures were encounteredPoor 23 (30.7%) 25 (30.1%) NS
TAD 18 (12–25) 17 (13–24) NS
LG3N: long gamma3 nail; LTGN: long trochanteric gamma nail; NS: not signiﬁcant;
TAD: tip-apex distance.
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Table  5
Intraoperative complications.
Complications Group LG3N (n = 75) Group LTGN (n = 83) Statistical signiﬁcance
Femoral fracture – 3 S (P = 0.03)
Perforation of acetabulum (by the threaded guide wire) 4 6 NS
Total  4 (5.33%) 9 (10.84%) S (P = 0.04)
LG3N: long gamma3 nail; LTGN: long trochanteric gamma  nail; NS: not signiﬁcant; S: signiﬁcant.
Table 6
Postoperative complications.
Complications Group LG3N (n = 75) Group LTGN (n = 83) Statistical signiﬁcance
Femoral fracture – – 2 2.4% NS
Nail  breakage – – 2 2.4% NS
Lag  screw cut out 3 4% 7 8.4% S (P = 0.03)
Distal  screw breakage 1 1.3% 2 2.4% NS
Loss  of reduction 2 2.2% 3 3.6% NS
Non-union 3 4% 4 4.8% NS
L  S: sig
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G3N: long gamma3 nail; LTGN: long trochanteric gamma  nail; NS: not signiﬁcant;
etween the 2 groups for postoperative femoral fractures, nail
reakage, distal screw breakage, loss of reduction and non-union
ere not signiﬁcant. The difference in lag screw cut out com-
lication was statistically signiﬁcant (P = 0.03). Femoral fracture
ccurred postoperatively in 2 patients of group LTGN, following
 fall. Both sustained a fracture just distal to the tip of the nail and
ere treated with an open reduction and internal ﬁxation. In two
ases, a LTGN failed at the junction of nail with the lag screw, 4
nd 6 months postoperatively, due to delayed union. The nails were
evised to DCS and the fractures healed uneventfully 4 months after
evision operation (Fig. 3).
The most frequent complication in both groups was  the cut-out
f the lag screw (3 and 7 cases respectively) which resulted in re-
peration in 3 cases of group LG3N (1 total hip replacement and
 hemiarthroplasties) and in 6 cases of group LTGN (1 total hip
eplacement, 3 hemiarthroplasties and 2 DCS) (Fig. 4). The position
f the lag screw was considered optimal (inferiorly in AP/centrally
n lateral plane) in 2 out of the 3 failed cases in group LG3N and in
 out of the 7 failed cases in group LTGN (P = 0.04). In group LG3N,
oss of reduction was occurred in 2 cases (treated with DCS) and
onunion in 3 cases of subtrochanteric fracture which were treated
ig. 3. Preop (A) and postop (B) AP radiographs of a subtrochanteric fracture Seinsheime
iew  revealed breakage of the nail (C) which revised with a DCS (D) with good results.20 15.6% S (P = 0.04)
niﬁcant.
by revision with a LG3N and bone grafting. In group LTGN, nonunion
rate was higher (4 cases) and all were treated with revision nailing
and bone grafting. Loss of reduction occurred in 3 cases, which were
treated with open reduction and ﬁxation with a DHS.
The overall re-operation rate was 10.6% (8 cases) for group LG3N
and 20.4% (17 cases) for group LTGN, as it is shown in Table 7.
The difference of re-operation rates between the two groups was
signiﬁcant (P = 0.03).
4. Discussion
Our study provides new data regarding the use of LG3N in sub-
trochanteric fractures. The later design seems superior to previous
generations, with reduced intraoperative and postoperative com-
plication rates.
The main limitation of this study is the use of a historical cohort
as the control group. However, the two  groups were matched
regarding the age, gender and fracture type. All the operations
were performed by the same group of experienced surgeons and
the operations within the learning curve period were excluded,
thus we believe that this increases the strength of the study and
r IV of left femur treated with LTGN. Reduction considered as poor. 4 m postop AP
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hig. 4. Subtrochanteric fracture Seinsheimer V of right femur treated with a LTGN 
ith  a DCS and the fracture healed uneventfully (D).
inimized the impact of this limitation. The second limitation is
he number of patients withdrew before the ﬁnal follow-up at
ne year due to many patients with concomitant illnesses affect-
ng their general health and a mean mortality rate at 1–year of
0.1%. Nonetheless, drop-out rate was comparable between the
wo groups, minimizing bias in the interpretation of the results, and
ample and power calculations conﬁrmed the validity of our results.
inally, comparing our series with the literature was  challenging,
s subtrochanteric fractures are not well differentiated from the
ther pertrochanteric femoral fractures and there is a lack of studies
egarding LG3N in the literature.
Fracture of the femoral shaft is a known complication and in
revious studies, up to 8% incidence has been reported for TGN
1,4,6,13,14]. Fracture around or below the tip of the nail seem
o be due to stress risers created by the rigidity of the implant
nd compressive loads at the tip of the nail [3]. In this study, 5
emoral fractures (6.05%) occurred in the historical cohort of LTGN
3 intraoperatively and 2 postoperatively). No fracture of the femur
ccurred in the LG3N group, which is lower than the results from
ther studies on G3N, which had a reported incidence of 1% [15,16].
nsufﬁcient reaming or use of a hammer could increase the risk for
his complication [1,3]. As we strictly adhered to the original surgi-
al technique and the industrial recommendations, we  attributed
he lower rate of the femoral shaft fractures to the modiﬁcations
nd improvement of mechanical characteristics of the new design,
amely the decreased proximal diameter which requires less ream-
ng and the distally positioned apex of the medio-lateral curvature
f the nail which reduces the three-point loading at the femoral
haft [3].
Breakage of the gamma  nail at the junction of the nail with the
ag screw is reported in the literature with an incidence of up to
able 7
e-operation data.
Data Femoral fracture Implant failure 
Group LG3N n = 8 (10.6%) – – 
Group LTGN n = 17 (20.48%) 2 1 ORIF 2 revision
DCS
1  Bipolar 
S  (P = 0.03)
G3N: long gamma3 nail; LTGN: long trochanteric gamma  nail; S: signiﬁcant; ORIF: open
ip  screw.P and Lat view 4 m postop, revealed cutout of the lag screw (B, C). Fixation revised
5.7% [8,9,16]. In this study, none of the LG3N failed, in contrast
with 2 LTGN broken nails (2.4%). It is known that the weak point of
this implant is around the insertion hole for the lag screw where
the cross-sectional area is reduced by approximately 73%. This is a
critical zone where forces coming from the femoral neck are trans-
mitted to the diaphyseal nail [8]. We  believe that the decreased
incidence of failure of the nail was attributed to the reduction of
the lag screw diameter from 12 mm to 10.5 mm.  Therefore the aper-
ture is smaller and thus the nail would be thicker in this area and
less prone to failure. Delayed union/nonunion at the fracture site
was the trigger factor for both the implant failures. The cause of
breakage was metal fatigue due to dynamic stress [9,17].
The most frequently occurring complication was the cut out of
the lag screw through the femoral head, 4% and 8.4% in group LG3N
and group LTGN respectively. Our results were similar with the
results of other studies showing an incidence rate up to 9.72% for the
TGN and up to 4% for G3N [1,3,5,6,14,15,18]. Lag screw cut-out has
been shown to be dependent on the position of the screw within the
femoral head. Optimizing the TAD is critical in preventing ﬁxation
failure when using an extramedullary sliding hip screw to ﬁx peri-
trochanteric fractures [19]. A recent study suggests that placement
of the lag screw of the gamma  nail inferiorly in the AP plane and
centrally in the lateral plane (achieving TAD < 25 mm)  maximizes
biomechanical stiffness and load-to-failure [20,21]. The position of
the lag screw was  considered optimal (inferiorly in AP/centrally in
lateral plane) in 2 out of the 3 failed cases in group LG3N and in 5 out
of the 7 failed cases in group LTGN (P = 0.04). In the remainder of the
failed cases, the position was considered suboptimal (centrally in
AP/centrally or anteriorly in lateral plane). Therefore, we  attributed
the lower rate of cut out complication to the improvement of lag
screw design, especially in the area of the thread and the cutting
Lag screw cut out Loss of reduction Non-union
3 1 THA 2 DCS 3 LG3N & graft
2  bipolar
6 1 THA
3 Bipolar
2 DCS
3 DHS 4
3 LGTN & graft
1 LGTN
 reduction and internal ﬁxation; DCS: dynamic compression screw; DHS: dynamic
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utes at the tip of the screw. This design offers superior cutting
ehavior during lag screw insertion, providing very low insertion
orque. The thread design also offers excellent grip in the cancel-
ous bone of the femoral head and strong resistance against cut out.
he option of the helical blade that exists in other intramedullary
evices has improved biomechanical properties and can further
ecrease the cut out rate [22].
Quality of reduction of subtrochanteric fractures is an impor-
ant factor that interferes signiﬁcantly to prevent complications
uch as cutout, implant breakage and nonunion. Type of reduction
requently obtained with subtrochanteric fracture is rather poor
r acceptable than anatomic [1]. Our results regarding quality of
eduction were not statistically different between the two  groups.
hey were comparable to results of other studies [23], so we believe
hat the universally accepted interference of poor reduction to post-
perative complications, although still present, was dramatically
ecreased in our study.
The rate of re-operation after complications with the LG3N
as 10.6%, which was higher than the 5.56% rate reported in
ther study, attributed to inclusion of subtrochanteric fractures
nly [24]. The rate of implant-related complications that required
e-operation after primary use of the LTGN was 20.48%. It is in accor-
ance with previously reported results ranging from 8% to 17.6%
5,13,14,18,24,25].
. Conclusion
Within the limits of this study, gamma-3 nail has been proved
 safe and efﬁcient implant for the treatment of subtrochanteric
ractures. Although appropriate reduction is still prerequisite for
ood results, the new design seems superior to previous generation,
iving promising outcomes and reduced mechanical complication
nd reoperation rates.
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